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0 ufiSS <Heflo|. 5J xfl^-g. ^H. ^ 9! «B^# ZnO u}3n^ 

*i]°|2J «^ 3)*} ^o]c|. ic} £ ZoO t+in^^ ^ 

*\h £XL ZoO 2 33«i^>H S^^r <=*X| 91 Zn 

0 t4jn«a7}# ^^^^m^r ^TflO X«*}£r ZnO Lji^S <H*flo]£!j ^ 

fl§^. S*h 5- ZnO Lfv^^s ^>8*Hr 'EMI. ZnO ^^^f 

<3<£ ^oj,^ Zn0 i^^O 23<Ji3M*1fe a««>^ ZnO L+ilt <H«fl 

Si-^ojj^ . ^ ZnO Hi^*. £3 Hfl<g= ZnO i4h.SE. o^M . ZnO 



29-3 



JfloMI- ZnO mc-<H*Qo| gj ZnO i+ift o\^o]s\ 7 |##S] 
§ {Method for Forming ZnO Nano-Array and ZnO Nanowall for UV Laser on 
icon Substrate) 
ESS, pj^ty 

i 1~ ^ ^ofl *fl^*> ZnO ^iL^Sj HR-TEM A)*]. 

i 2±r Si-¥l)olnj #ofl ZnO l-ti^S o\i$o]2) fi^ (5. 2a) 2} ^ (5. 

b)ofl SEM ?| TBI (5. 2c) . 

£ 3£ Si-¥Ho|s^ #ofl ZnO MkSS <H*fl<>lSl ^ X>j S]^ Cj)^. 

£ 44r Si-?l|o|jlJ ^ofl £3 sH^sj ZnO M^k5.£ °Rflo|o] 3^0]^ 

ower dependent) PL 3i<^^^ Z22flB. 

i 5^ 200 kW/cm2ofl^ <£o]x] ZnO <4iSH <H*fl°lS| PL *£oJ^£- 

i 6€- Si-^olB] ^ofl ZnO oiZilol^ (S. 6a) « ^ 

)SJ SEM <s#. 

5. 7£- LjifJ <>l^lo]S] (i 7a )2f 7b)ofl cfl*> HR-TEM <3#. 

5. 8€- 3.M5.. 
5. 9^- ZnO o^o|£j x-^j 43. 

5. I0h ZnO o\i\\o\S\ S)£*\ PL ^ ^s. ^o^^ aHfln. 



i n£ 15 kV/cmMM ^<H^! ZnO u^fisj PL ji°t^4r a^B. 

£ 12^ ZnO ^ 20Bfl o]^ 2)4«}o) Si-^o)^ # 

ZnO (flower-like) <H«flo|7> i^^^ SEM 

i 13£ ZnO uj^xi <Hej|o]2i ^ #^ofl>H <£o\*i n}ojoH§ a 

S] ^3 ZnO <U*m SEM <3#. 

S. 14b ZnO Si-^oimofl «a-3^eW &3L <3<3 S^ISS 

f] <£o\*\ 6^1 ^zflolE S.<^S| ZnO Ui^^Sl SEM 

^^sj gg] 

£ ^€-°fl^ 3°fl ZnO ^ 0fl^ >^*> 

0 L*i<iLH oiiflo|. 3! Afl^^ £3 ^i. %Efl ^ ZnO u+i^ 

Sleofl ZnO *}i*J]oj]Ai Aj£ uv eflol^ «##oJ *M^ofl *JtJ] uv-eflo|^ 

LEDS 7*# Af-&£]ji o|- IH _v MSE}o|h^1 «}5L*1# cfl*im M 

^# Sit*. ^3 ZnOSj 3^- eflol^j aj^o] ^^ofl^D} ***>S}^ «_M3 . 

021 371 7\ 4>£.2.3. #<H§^ H)o)^ ^e°ll>M ^^51 7] >M 

- 0|ofl^E} A] ^-77} A] o^ 7 > Zn0 o] 37]# # ol iflol^ ^7W?1^ 

^7} ol^ol^r^. 
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<2]H};*j.o S ZnOSj ejjol^ *$&<$M ^ [0001 ]^o| «U> 7i#o|^ Fabry-Perot 
Dfl^. ^5.*}7JI o^t^ ^>H. [0001]^ ^ Hfl^o] ZnO^ Jfl 

^ ^ofl nflif. §J2.*V £c*. ^Tfl^ 2}^°] ^JfAj ^^ofl °M 

Hfl^ MBE (J. Appl. Phys. Lett.. 90. 4973. 2001) . MOCVD (J. Mater, 
s.. 16. 1358 . 2001). PLD (J. Appl. Phys. Lett.. 85. 7884. 1999) §2} ^£ 

a^U. SI** ?\£€r ^^J2.^ J17JS| #HjS* J7*1-g- 9J Jl£ ^^|^ 2* 

0 °\n°]Wr ^ *^ °rMeJ Ji£ S£ ^ ^# 

57l7fl o)a]*V ^ 510 no «^oj ^^olol 5j 

. ^# ^nfl^ ^}-§-o}oi ^ 3 3^1- ^ 1000 "CS. ^^el^oJl ttf 

7|# (VPT) Zn0 l^i^S <H^o)# tM^}^f u ^o| ^asj 

c| (Scieace. 292. 1897. 2001). o|^*> 7]^<2] ^7>^ ^U]^ €-8.*)7l 

iSr£ <g*j^ olsfl A}*-*} ^ ^]*Vol a^c*. ^. ZnOS} 

** nl^ufl^l^J ^Jl <g*} *>n*°l<>l (Science. 292. 1897 . 2001). 

N (J. Appl. Phys. Lett.. 77. 537. 2000), ScAlMg0 4 (J. Cryst . Growth. 242. 
3. 2002). LiNb0 3 (Thin Solid Films. 347. 238. 1999) §2* 7)^o] o| 

=U ZL^. 0}2}P}^ 7l##£ 7>^o] nfl^ nflif 3. a]ej 

01 21^. 

29-6 



i*l°L ZnOSf 3** nl^ofl^ (-40 %)7\ 32. VJ£ £-£°fl*l Si^f 

0«£t* «}3?fl ^>gSj7l afl^ofl ZnOSj ^3i>g^€r 2m 
PPl. Phys. Lett.. 78. 1511. 2001). . ^^l^^ ^*}7l ^ofl # 

ZnO UiSH <H^ols ^«U^ ^55^. 

a^Uf. ^ofJ^M ^ €- OJ J (Nutrient solut ion) 3.3.^ 7l^ofl <g 

Sl^r Zn05] 4^7* ^3*h2 Si-flM^ ZnO *}o|2} n}| °- s. Z$t} n]^*) 

ZnO ^ S3 ^ Ufi^O] ^7f^D| £ = 3 a?|£ Dfo| 3 SD|Ei 3.7)o]j^ 
hem. Comm.. 80. 2002.. Adv. Mater.. 14. 1221. 2002. 31 J . Phys. Chem. B. 
5 . 3350 . 2001). ole^*> ZnO o^o] - oj^ «y^*> D B"r- 

tfgol 01^74 * r *r 7l^«J I**1J 

£ >J«j«H 7}^S\ ZnO LjiSH oi^flol 

°l ^~ ^iofl>H^> «fl^# ^ ZnO L*i-<>1iflo|s iEflS) th^ «thaji 

V*£ ^i<>fl>H ZnO HjtflTjS^El 7]# ^<H1 ^o|c}. 
a. ttj^o) ^fii. 71^ ZnO UhiJLIE <Hzflol7f o>y 3.0J 

ZnO <Hzflo|S Zo0 U^^S^ tM3*Kr 



29-7 



m ***} 

£ 7]^S\ ZnO l^iSH ^o] ^ nfl° uo 

0>°]# £^*r£- <3<2 *^«HM ZnO ^§ ZWtr 

<#7| ^^ofl^. 30 MJtJ 400 90 tflTj 100 

oli. Zn q^flom. Zn oH|H1o|e o}^£] ^nfl^ 

EflJt£M°l2] 10:1 tflT] 1:10. ure^fiMfe inojc}. ZnO t}kSH <H 

°m °W 9 37| 31 S<tf£ <y 

3. 7t*«TO. <0# *hM?>o| 64?H| ufl ZnO = 3 Zjo|£. qj 

DM^^nlEiol^. «l*4?t* 24*1 ^7>xl?|^ i^iSH^ ZJol- °J 2 of 

7]^°] 2J^ ZnO ^ Hfl^ ^a*> a7]5| £ 

ZnO I4in<a74# 7l^ofl ja%S.°S#| ofl^^t^. ^. ^*J*> l4i 37]# 
0 ^i^t 3 *Mfl7> WW]9\3.*k ZnW 5£ ^3lO]B.S. #ofl 

* *«j*h2 «J3*»« 4«H3ct. oj^Tfl ZdO i-*i*SH oizfloj 

29-8 



H7}«M 5l£°HM #>g*l ZnO LjiSS <H3]°I3 ^olTj 

S^. £ <r3€- ZnO o\i$o\7] ofVl XflS-g. a°<fSj ZnO 

°1°KM ZnO Lfit^^ ^^^M?]^ ^7J]# Sttft}^ ZnO <Hi|)o|°J ^ 

^«a<Hl>H. £5E.£- 30 400 t:. 90 M)*] 100 ro|ji 

<g<# g-ojjS] Zn o^^)o|jb j£] ^SS^Eg .g.oj|o] «.jHh|- 

:l U]7l 1:10. u^^^Tfl^ 10:lo]ct. ZnO UicSH ojeflolofl^ d}J|7WS, 
0 °lZlM# # oqoj fe£ ^ 3L<Q*\& ^S}* 14^51 3 7| 5,1 

i°cf# ^33. 7}^cfc|. ofls Zn o^Eflol e -g-ojjn} A|B = -i>i4H§ # 

£j ^S|H)7} 20: lo]^ ZnO L*i^l2] 2Jo|oj 2 D^l^DlE) ^ 100 Lf 

£ ZnO tfki <H«lo|^ T^*}*) AJI^ ^ol ojo.^ *flo|7j 

>8<>j <Htt]«> ZnO u|i-<H^o|^ mo]^z\. ZnO L*ii£H3 <y 
*JjEL^ V [00 01] » V [0 1-10J > V {0 oo-n°l^.^ «fl°I^ ^ofl ZnO LfiS 

21 37j# #0]7fl ^ [OOOIJ^ »1^^°J [Ol-lOl^olH [ll-20]^ict ^ 
*<H#7fl (J. Cryst. Growth. 
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4. 186. 1999). nfet^. S]Jfofl>H 7fofl^ ^Jg (Optical pumping)©!] Sjofl 

MSltr «J£ [0001)351 ^£ 33ofl o| 6fl cfl» gft^c}. J2 
*J ZnO i^iSS o\?$o\!q ^ [0001)^0] u]o| hJ*J2| 

OOOligofl o, 61) ^s|- q]« « o^ej ^oflojo] <2jJf^ Hj^S]7fl s?c|. 

ZnOSj ^r^% (2.45)-^ ^ «^7| (1.00) £1^ nfl-?- iH>M °J>*J£|£r 

*-§-°fl £oi7i] tj^tj ? n «^ ZnO Mk^si^ <2°\?i y±z <An 

hreshold)^ <3M ^ ^°H# °l-§-t> VPT Uln^S °1*i]o| 

>H ^o^^ 40 kfl/cm2olc^ (Science. 292. 1897. 2001). o]Sj- 7£°. 7]^S\ ZnO M- 
oj^oloj ^*}7l ^ofl>H^ [OOOU^OI S]«o, Ulo] =^ 7 > ^ 

*W I00013^o| A]S D^iJl ojoj «K*t3b *o| ^Tfl «f 

£ A|Eel]o] e o]i# ol-g-ol] 3^°J ZnO L4^°J7}^ [0001]^ ^ 

% *I€-<HJ>M v {n _2oj x±r v [01 -i 0 } » v [ooon - 

300-1}** *M M^.V]o\E. o]^.*. ^o] [OOOU^SI Zn o]S.o\) ^ 

2j°J ^ofl o|gj| ji^cf. [0001)^^- 2\*2\ <3<# «<1°.£JfEl 

^ *K+S]Bj ^ ^ ^5.7} H^^Tfl sit} (J. Am. Chem. Soc. 124. 12954. 

02). 
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3 [11-20] S^r [01-10]£# ^7{| ^t}. . 37^ AjE?flo|e o)^ 

f£S} «}-§• >M?J. <go<f §oJ] SjoH oj£]S £?7}*«tC}. OJS} 

°] tM33 ZnO (OOOll^S] *H|*> Hfl^S °j6fl £«|*> ^ 

0°t\M ^<H^l ojicjei ^2}ic| ^§ iojji ojcf. 

£ m*1lM M&SiSr ZnO L*ic<y*K=. #^0.^ ^ SJC} (ofl0 

<H L. Spanhel and M. A. Anderson. /. vto. Chcm. Soc. 113. 2826, 1991 &3l) . 

£ § ^ ^^e^. 3713 #en ?m ^on 5^ 

71^2} ^3 SiO^ *fi7f*> * ZnO l42n*J*K} 7l#(ofl§ Si-3]o|B) . XW 

oi(Al 2 03). GaN. ScAHW> 4 . L1NDO3 ^)ofl S % N§ ^-51%. ^€ ^) 

?]r4. ZnO \J±<Q?}7} 7|^t Teflon i£#2flo|a^ aj-^ofl ^o. ^ <go^ 

7^. ofl.§. {>cH go tflTj 100 TC. gs ^0^^ JL. 

# %o]£^£ 4]^*} * ^# ^171*1^. 

71^ *HJ ZnO oi^flojoj t^S- *HJ# £ <£«3S] ^ o. ZnO 

# tH^^r ^Tfl. ZnO 142^74^ 71 2} (ofl Si-^lo|lH. Amol<H(Al 2 03). 
M. ScAlMg0 4 . LiNb03 ^)o?| 3^*^r ^Tfl . o|^ A) JE3)°1 E. o)£% 3lV*\^t <$ 



ZnO t4i*l*Kr (i) Zn o^Eflo]E^ oflt|*£ (gg.SX) t*^ <2*1 
(2) LiOHS 7t+e<fl« ZnO ^hi<a**3 §«fl SH^E^. 

*fl*J.2.S ^SHS 0.01^ Zd o^EfloJjE^ 100 ml oil^ofl ^oi .g.oq # -g-^7j# 

250 ml -f-e t^iaofl i^*}^^. 78 - 85 V^M 3*1 ?J =-o> 

0 mI2| -§-«jqo| 40 ml7t H nfl^*! ^HM^c*. o]afl h}-£a]7>£. ufl °- ^AcM 3 
7J £3*«1 ^ Uin^^ ufl-?- #^^*>7ii ;H>H ^ojjo] ^%bB^1c|. 3*1 

60 mlS SI^IM. olfll S^Sl £^7} feo^S 7K^*8€ ZnOSj ^ 37] 
nfl^ofl £oj|o] Aqo ^ofl^c}. WM. y j2ofl i#o ^ 

trasonic(120W. 35kHz)ofl>M ^ 2^- ^tf\^t\. ol^Tfl ZnO Ltic^ 

4 nm«N Dfl-^ ^«J«* f?7|# J£S*^ . 

5E. 1^ o|£j*> ZnO M^*^ HR-TEM <3## 3°|t}. 3^ >J 0 |S] 7i 

7} 5.2 A£i^j 3^3^ Wurtzite Zn02] c 2}o}3) <Ut1*Yz}. o]S\ ^ 
*> ZnO Hi^T^f i42nf|Sl #^#^o| 7 | ufl^ofl 3712] *H)# 3 

^Alofl 2 > 
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£ ^otM Si-^o|Bj 7jafolI cfl6f} Z\&n ^^El 

^ o}^^-o.S ^^^oflXi >qJ3*f ^ SJeH-t (piranha) ^-«>J? (30% H 2 S0 4 
2:1 ^S]H]SJ ^oi)/| of 30 «. ^oj 7 ]^o| °-7|^# *\?\*\ 

£*h 20% hf Si-?l|o|^ >^oj 0.3^ Si02 ^ TflTier^^. il# Si- 

fi^Sl ^Ofl 2^S)0l OJCH =-0} SiOl >L>S}^]^ 2# 

Si-S]o]j$ SJofl ZnO M^<U*l# 4.21 cm/ninSj 
^-a^l*! ^. °S 200 TCofl>H £*JZl*lo| ZnO i4i<a^# ^1 #°fl Jl^^l^^. 
^U. o^ei ^^ElO *f7l tfofS 3^ ^#ofl- 3*i SJ^cJ . 

jA]ofl 3> 

ZnO o]^1o| ^# SI** <8°o* 0.1 M Zn MH^es). 0 .1M *3J 

Dl]^«lEflJ12}Or°I (HMTA) «1# = 1:1 ( P H = <>f 7.0)^ 74^ 

ZnO ^^^7} ^-^3 Si-3]o]n^ Teflon i£?2flo|«oj ^o. 
P -§-^3} 95 TC<M ^ 6 A17> f.O> ^-g-Al^C}. a&m. LlilSE «>1 Zfl 

£r lAjT} D]Dfo S ^^^Ofoji 7^sw. a]^ <t*°l£^ (18.2 

2) ^ ^ 100 Tcofl^ ^l^m^t}. 

£. 2^ Si?flo|2] ^ofl ZnO i^kSE <Heflo|^ (i 2 a)3| ^ (£. 

)ofi tfl*> SEM ^ TEM (5. 2c) # ^ojcf. 3L7|£f ZjoPf 

Z| <2f 10Q nm qj of ! 5 m# nfl °- Si-3]o|B| #oflv»4 S*J*] 

<U^# *o^JI 
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5. 3£ Si-?flo|al #oJ] ZnO i^SH o\V(\o)S\ ^ X>y Sj^ Bfl^# £ 

*rJl sm. i^iSHSl *VW2-3. <i]°n (AAO) i^J (00/) s] 

D J£ A<^Jl Si-?lJo|m ^ofl ^-^^sj Zn0 uli^Tpr Si-^lolJ^fiJ 

3*} n1;±iil!Al£- £3**1 £.5. #°I^JL 5B*> ZnO ^hi^HSl 3?l 51 

jAlofl 4 > 

3ofl^ Si-?flo|^ #ofl SJ^ Hfl^SI ZnO v4inSH o^ojo] £j] 

^ ZnO LjiSS cHzflo]^ ^6fl 

L) 

<>]# ^611 ZnO UiiSS <H3lo]£- 0.5-m £-^7] (Acton Research. 
ectrapro-500)fi} Tflo)^ 6fl#H (gating resolut ion) 7\ 2 i+Jc£°! Intensified 
D (Charge-Coupled Device) (Princeton Instruments. ICCD576G)7j -!f^£]ol oj£. 
YAG no\7$ (Quanta. HYI-101)ofl *\ 0 J*} °flM*l3. ^ ^©ism. 

i 4^ Si-3]o]nj ^ofl Q# HJ)^ ZnO L+ii^H <H*fl°l^ ^ 

(power dependent) PL i*]*} °l°fl = ^ . ■£ 

0 <H3]<>13 UV £flo|7^7 r a^vt^- <3*l£- 70 kW/cm 2 2.£.M UiiS 

<Htflo]ofl>H <g# ^ qjoj^ 7 ^ ujo. 40 kW/cm2 ^ ^oj w|^c r c4. sev. 7l* 
ZnO ufii e ( na nodot) <H *1| o] ofl ^ ojoj*] 150 kW/cm2ofl of 50x ^ £ uj 0 |.^i 
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5. 5^ 200 kW/cm2ofl>H °J<H3 ZnO L}ii5E <H*i)°l3 PL £A]*V 
a ^^Wl ttfsol 200 kW/c€>2o{l^ nfl^- ^3 ^^o] # 

(EHP) ^-^ofl ojgg ^^mH 5U£# °i ^ 21^. *)2 *H*€ 
inewidht)£ 0.13 nmS.M JL^^ ZnO Hi^S^ <H«]<>m 100 kW/cm2oI] >H j£ 

^ 0.3 nmic+ of 3 ^o. #o\v\ . o| S «-E| ZdO tJJtSH °1^ 0 ^ 

2Jo]^ 236 w<3% ^ ^ SU^. 
^1^1 5> 

ZnO Hint! <H«J]o] ^>^# 0.1 II Zo ©HlEflol e s\ 0.28 mU M 

l^MBS -§- OJ 3# 10: IS °>#2lc+. *}a\o(\ 12} §<y*> U^^S ^12 

ZnO 14^3*7* Si-?llo|^# Teflon S.£^o| « °1 «}^ofl oj 

«-^3* «4 95 M°QM ^ BAIT} s-oj UJ-g-A]^. L^fj o^flo]-. 1A) 

ol°>°S (18.2 uQ)° 

£ 6£ Si-^oln] ^ofl ^^^j Zn0 L+i^ o^zflol^ fi^ SEM 6a) 

3 sal 6b) ^ iA|s> ^om. 34^*1 iji^ «t sib 

Sic}. ^. 7 ]^oj ZnO^ 7|«] cflJf^ 6^ £E ^*fl# °ij°.t4 £ 

*3SJ °J 500 nm ^5.3^r A}7_|^ S| ^o]S} of 0 .5 ~ 2 «mS| #jl 

*f ^ oj^ So|*} ^ o. q^o, -^7> 3^8- ^ 5 ^ 10 nm 

i°l^°> 0}^°. qf 60 ~ 100 nmS 3 «|7} nj)^- 3^. ^. 3 D**] 
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7)o\*\ £]Jf ^Jf El ZnO i^hi^ Mi^-S ^-3}^ 5J€" SO|| ^ 5U 

Uit?I3 33E€- KR-TEM^S 5. 7£ ZnO Hiifi °^o]o] 

a 7a) 3} c+ig (i 7b)ofl cfl^ HR-TEM <9## 2o|tK o]ofl njeig l4itj£] 

>o|^D|&| 3£ &m^ 0 J ZnO<N I0O01] io|j7 SUjod}. ^ 

nlEl Jpd]^r ^^^o| [H-20]^# o|5Jo ZnO t+ 

33 33 ^i?} V[oi,iO] » V [00 oi] - V {C00 . n o J# S]n|*H^. a. 
001] ^o] 2:2}ajo^^ ^]B«flo|B ^^]5]<H 7\&2) 6ZJ H°cM ofy 

^"3^ [oooi]°i€- ^^-<>fl "ti* ^aem. £ e<H] £^1 

^o|, o]iH|o|o| [0001 ]££- Si-flM^ ^-|o £ ^ ^o.^ n> 

3SOlEi£] s\o\ Sl^. u**^. fi^^S ^2}A|2] 

Sm. 5E*V. 33 3^2] c-^o S Sfl^Tfl HB^H]0] &01 ojA>^ 
^ritjl 5U4r tOOOl]^ A^|ofl>t] «>A>5]o] fin Zn0 DDIS nflfl}*] S]Jf^ 

•t-W ^ Sl^r °J#J1 SlCf. S *l. Z^S] Af^^o] [0001] 

o]^o\x\ HJl Slo\ JlUf^oj ^^Bf^ (Optical waveguide) 7\ ^lt}. 

5. 9^ ZnO Hill <H*flo|oj x _>j 3^ Bfl^# 2<>lth &A] ^^*> 

[OOOn^o] £ - Si-^]o]^fif ^*|o_^ ^ o}?l nfl^ofl X >ij £]*j Sfl^£ 
AO) Ola n J# Ao]ji 4]A]oil 3oflA] Jl^^ ZnO LjiiSH ojzfloloflxi 
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^s.. s Hi]<£.°£ <y*a 71^3 i+^sh o^oiofl ajaij oji^. 

«flo|^ ^# 7]cfl^ ^ SZcf. 
S 10£ ZnO Hifi <H3]°|sl si^at pl ^2f# S>1*>i 5Utf. o|<HI 
£ ZnO o\*f\o\^ uv eflo|^7f °4*|7> 5 kW/cm2j?_S. 

L}kSE cH^o|ofl>H ^ oi&D} 7}3 V*£ 40 kW/cin2ofl^ of 90 S 35L 

S. 15 kW/coi2ofl^ ^<H^1 ZnO HiflSj PL ^2}# £A]«J 3<>|t}_ 

^3}ofl tt^s^ 15 kW/cu^ofl^ ^ ^12 7}^ «J£o| *l7Hg £E^D> §3 

2)cD 3£°^J1 SU*}. 7}<3 ^ 600 

l+ 3£ 0.03 nm^ ^oIji oJobJ 7 ]#S] 1§«! ZnO MiSH o\^o\p\ 

0 kW/c m 2oD^ t£oj£ 0.3 omj£t* 10«fll4 3 #0)1}. 0|£JfEi ^ ZnO L| 

H o^o|s] ^aje) 2jo]- i.oil m S.M AW ZnO #3^ $jl&o\tt. 

ZnO l4i^ «HiM)ol# fMJ«fe. cf<g*> ^oj Zn07 j. af§s|5acf. £ 

4r ZnO ^ 20*11 o|3 2)4ft}°i 3-?- Si-?flo]nj 3<>fl ZnO # 

S|« (flower-like) °]l\}o\?\ <g3U# iA|* r J7 £ i3 £ ZnO 

«3 U J€- * *<WA| ^cH^l D}olofl@ £ <£o| ^ a ZnO <y*f# £A|«> £ 

001] ^ o.S ^°JSj$i^. £ 14^. ZnO U^oj^s S i-*l]o|Bjofl 

°o* *°J|^ «Lr#Al&§ nfl oJcH^l 6 ^ §31 o] e £<#o) Zn0 Ulc^S) SEM <3^# 
5!o|ct. o]^ ^Alofl 5S\ #o\ WW 3-«- ZnO 333 33»<Hf 
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D1-10J » V(oooi} *» V [CQ0 _ n A^Jl Si^. ^. ZnO i4i<a^£j c - 

3 ^ ^ = # ^-o]^-oIJ ojafl <3**]£j<H 6^ 7l-f-S«Jo| ojy £ 12 

£ ^ofl ZnO MiSH olzflol^. 7l^S| JL7\S\ %»]S\ J7U]-g-^ ^oj] 

of! *fl£3 MiSS <H«il°|St 7\2\ H|£& ^^*>D|. ZnO ^ 

ti cH«i)o|^. 7|ioj o^mav ©iajoju} u^i^. ©lefloljicli zflo] 

^# io| 2 $m. ttj^. £ ^ofl ojofl ^jsJ ZnO i+iSH ^ Ltiil <H 
ol£1 UV Iflol^ o|^.6H ^?fl ^2\# <9<3<>fl>M ^§*>*r *J)°1*I£ oi-g-t} 

D CDj£t} °J 3Hfl o|^S] jj^i *M}cJ) 74^*1. £]£-g- Zflo)^ . >^<a-§- 3] 

£ «^ofl oj^. 7 |#3 ~#*} o|-§.*f*| tfo^S ^oflAj 

i-7l^o| A\&7\^i\°3. ^*fl 7^ Si-^*h&*W ZnOS] eflo]^ -E-^ ^ 

^1^1 ^ *0^7f 7^**1*. I**. [0001]^£- 4Dli ^-^o] ^^5^2 ^ 

*J Sii. ZnOi^ii^ o]zflo]^ ^ Jl^iS] y^- [OOOlJ^o) 

^^71 nfl^-ofl o)g oj-g-ofl CO2 S-h C03 ^ofl# §«V Dfl^^o, ^ gj ^3 
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13 

ZnO Lti^J^ 3 ^^S.M S^Rr 51 Zn M 

ofl>M ZnO L|l<a4t ^3^#*l?l£r c+7ll# 5tJ*>^ ZnO HjnSH <Hiflo]oj ^ 
^. 

2} 

ZnO Min^^C' 3 ^3^^*] ^l^ofl 5^*^ ^Tfl S Zn oM)eflo| 

££r A|eaAmE§-| 3t^w>^ <g<# #<qofl>H ZnO l-t^^K} ^ 

^^1^1^ <=Mlf- £#*Hf ZnO ijicfl <Hzfloloj ^ ^ 
3J 

*fl2^ofl #0]^. 7l^o| Si. A>j^o]cH (AI2O3) . GaN . ScAllU0 4 
NbOs 7|^oj ^ 

i=tv 4] 

^li^ofl 9l°\M. <3<2&<$i\ ?W$2\ u}^ «a^sj h}^. ^-i7f 30 i4]*l 400 x: 

3L. <3°<} Zn M^y)o|B. Zn oM]tflo|B *q Ahjfl iy «g) 

E^ofnl^ u|£o] 10:1 LflTj lriool 
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3^ 5] 

*]2^ofl #o\M. <$<$&°3l\ 7]##<N U}^ <87l2] «>-§- 30 400 1C 

on 1:1001 

3^ 6] 

*Ul*£M2] ^^ofl *fl2^ ZnO uJi^H cHiflol . 

7] 
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